Males in various species adjust their mate choice to sperm competition risk and intensity arising when females potentially mate with several competing males. If males use social information and copy other males' choices, this leads to an increased likelihood of sperm competition for both, the copying and the copied male. In livebearing fishes (Poeciliidae), males appear to avoid the risk of being copied by temporarily moving away from preferred females and approaching nonpreferred ones ("audience effect"), thereby exploiting the rival's propensity to copy. Responding to rival presence with an audience effect bears the risk of losing the initially preferred female, which may swim away, but may help to reduce sperm competition intensity. Males may rate this risk-benefit ratio differentially depending on their personality, for example, more risk-taking (bolder) males might be more likely to respond to an audience. Using Atlantic mollies (Poecilia mexicana) as our study organism, we characterized focal and audience males along the boldness-activity behavioral axis. As overall competition levels are known to affect male mate choice, we subjected half of the males to a low competition (single-male housing) and the other half to a high-competition treatment (group housing) before they were tested in binary mate choice tests. Only males from the high competition treatment responded to rival presence with an audience effect. In congruence with our prediction, bolder males within this cohort showed a stronger audience effect. Our study exemplifies that (depending on the social context) bolder, not shyer, individuals can be more responsive to their social environment.
INTRODUCTION
Animals evaluate resources based on personal sampling (private information), but also the observation of (and interaction with) conspecifics can represent a valuable source of information ("social learning," Giraldeau et al. 1994; Galef and Giraldeau 2001; Danchin et al. 2004; Galef and Laland 2005; Rendell et al. 2010; Avargues-Weber et al. 2015) . Individuals can reduce time spent sampling information by observing conspecifics and may benefit from information provided by more experienced individuals, even though private information sampling can sometimes be a more reliable source of information (Giraldeau et al. 2002; Valone and Templeton 2002; Laland 2004; Galef 2009) . A widespread form of social learning during mate choice is mate choice copying, which was originally described as an increased likelihood of females to interact with males other females had preferred beforehand (Pruett-Jones 1992; Westneat et al. 2000) . Males show mate choice copying too (e.g., King et al. 2013 for darters, Etheostoma spp.), as exemplified by several studies on livebearing fishes of the family Poeciliidae (Poecilia latipinna: Schlupp and Ryan 1997; Poecilia mexicana: Bierbach, Kronmarck, et al. 2011; Poecilia reticulata: Zimmer et al. 2013) . Poeciliid females store sperm from multiple inseminations to fertilize their eggs (Evans and Magurran 2000; Greven 2010) , and so male mate choice copying increases the likelihood that sperm from more than 1 male compete on the fertilization of eggs (i.e., sperm competition, sensu Parker 1970) . But why do males accept the disadvantages of potentially increased sperm competition intensity (SCI) when copying another male's mate choice? Schlupp and Ryan (1997) proposed that male copying reduces time and opportunity costs associated with the private assessment of mate quality and receptivity status, which poeciliid males accomplish by approaching different females and making snout contact with their genital opening to obtain chemical cues (Parzefall 1969) . Only a small fraction of females in a population is receptive at a time (Houde 1997) , so private mate assessment is seemingly more demanding than the observation of rivals, although direct costs associated with both behavioral strategies are not yet assessed. In the Trinidadian guppy (P. reticulata), last male sperm precedence was proposed (Evans and Magurran 2001; Neff and Wahl 2004) , rendering mate choice copying even more profitable for the copying male, as it will be the last to inseminate the female and thus should sire more offspring than the copied male. Therefore, male copying seems to be beneficial only for the copying but not for the copied male (Dubois 2015) . These copied males are in turn predicted to show physiological or behavioral adaptations to mitigate the disadvantages resulting from being copied. In Atlantic mollies (P. mexicana), males respond to the risk that a by-standing rival might copy their mate choice by altering their mate choice behavior strategically ("audience effects," Plath, Blum, et al. 2008; Bierbach, Makowicz, et al. 2013) : they interact less with females in the presence of a rival, cease displaying mating preferences, and initially approach previously nonpreferred females. These behaviors were interpreted as adaptive strategies to prevent rivals from copying the focal male's mate choice Plath and Bierbach 2011) . Similar observations were made in a wide range of different poeciliid species (Bierbach, Makowicz, et al. 2013) . Nevertheless, this strategy also bears the risk of losing the preferred female that could swim out of sight while a male temporarily moves away from it and approaches a nonpreferred female to mislead by-standing rivals (Plath, Richter, et al. 2008; Bierbach, Makowicz, et al. 2013) . In this case, an audience effect represents an instance where individuals have to trade-off costs (losing a preferred female) with future benefits (reduced SCI) when responding to social information.
Behavioral differences between individuals that are consistent over time and contexts are defined as animal personalities (Sih et al. 2003) . There are currently 5 personality trait axes proposed for animals (Réale et al. 2007 ): 1) the shy-boldness axis (individuals' response to any risky situation), 2) exploration-avoidance (the response to a new situation), 3) activity (general moving activity), 4) aggressiveness (the tendency to respond with agonistic behaviors towards conspecifics), and 5) sociability (any nonagonistic responses to conspecifics). These axes often show among-individual correlations (Dingemanse and Dochtermann 2013) and thus form behavioral syndromes (Sih et al. 2004a (Sih et al. , 2004b . For example, boldness and activity form a syndrome in several species of fish (Conrad et al. 2011) . Recent theoretical approaches (Wolf et al. 2008 (Wolf et al. , 2011 McNamara et al. 2009; Wolf and McNamara 2013) further suggest that individual differences in social information use should evolve, an idea that also received some empirical support (Marchetti and Drent 2000; Nomakuchi et al. 2009; Harcourt et al. 2010; Rosa et al. 2012 ). In addition, personality traits were found to define individuals' propensity to use social information, thus leading to consistent differences in social competence (Taborsky and Oliveira 2012) . Trompf and Brown (2014) found that when private and social information about the optimal food searching strategy were conflicting, bolder guppies were relying more on private than social information compared with shyer ones. Likewise, in a study on barnacle geese (Branta leucopsis), Kurvers et al. (2010) found bold individuals to use social information to a lesser extent than shy ones even when collecting private information was impossible. Hence, there is increasing evidence that shy individuals rely more on social information than bold ones, a possible explanation being that sampling of private information bears risks (e.g., Dall et al. 2005) , which shy individuals are less likely to accept. However, individual differences in social information use related to individual differences in personality traits are currently not described in a mate choice context (see Schuett et al. 2010 for a review). As outlined above, audience effects may reflect a trade-off between present costs (loss of a preferred female) and future benefits (reduced SCI), and we hypothesized that males should respond differentially to the costside of this trade-off depending on their personality. Our present study thus asked whether differences in male personality determine individual differences in the strength of audience effects. As our study organism, we chose the Atlantic molly, a species for which male mate choice copying (Bierbach, Kronmarck, et al. 2011 ) and audience effects are well documented (Plath, Blum, et al. 2008 ). Because poeciliid fishes are known to exhibit consistent individual differences (personality) along the shy-bold continuum as well as in activity levels (Brown et al. 2005; Piyapong et al. 2010; Archard and Braithwaite 2011) , we evaluated males' personality by measuring time to recover after a simulated predator attack as a proxy for boldness (Scharnweber et al. 2011) and distance moved in an open field test as a proxy for activity (Burns 2008) . A syndrome structure between boldness and activity has been suggested (Conrad et al. 2011) , and so an among-individual correlation of both variables in our present study served as a validation that our experimental approach was indeed suitable for the assessment of those personality axes (Carter et al. 2013) .
Finally, the sperm competition risk (SCR) or intensity that males perceive in their social environment induce several adaptive changes in male mating behavior and sperm/ejaculate characteristics (e.g., Leivers et al. 2014; Moatt et al. 2014) . For example, variation in sex ratios males experience during their ontogeny (affecting both SCR and SCI) can affect males' future mating behavior: male guppies were found to decrease numbers of copulation attempts as well as courtship displays when sex ratios changed from female-biased (low SCI) to male-biased (high SCI; Magellan and Magurran 2007) . Moreover, studies on male mate choice exemplify that males exert prudent mate choice under imminent SCI (e.g., Wong and McCarthy 2009; Bierbach, Kronmarck, et al. 2011) . Therefore, we hypothesized that males that were kept under conditions representing a high SCI should show a stronger response to an audience than males held under conditions indicating absence (or very low intensity) of sperm competition. To simultaneously test this hypothesis, we compared the behavior of focal males that had been housed alone (low SCI) or in small same-sex groups (high SCI) and predicted males held in groups to respond more to the presence of an audience male. Sex ratios and population densities of poeciliid populations tend to fluctuate spatially and temporarily (reviewed in Magurran 2005 for the well-researched Trinidadian guppy and Plath and Tobler 2010 for our study species), but we are aware that housing individuals of a highly social species in isolation may not be fully representative of the conditions experienced in the wild. Nevertheless, the social environment experienced by males can affect personality differences (Favati et al. 2014) , and poeciliid males often switch between female groups (Kelley et al. 1999) , such that poeciliid males can experience isolation from conspecifics at least temporarily also in the wild. Our experimental design enabled us to evaluate the effects of social isolation of individuals-a method frequently used to keep track 
METHODS

Study organisms and general testing procedure
Test fish were lab-reared descendants of wild caught P. mexicana collected in coastal waters near the city of Tampico (State of Tamaulipas, United States of México). They were reared in several 200-to 300-L mixed-sex tanks containing natural gravel, stones and plants, under a 12:12 h light:dark cycle at the Department of Ecology and Evolution of the University of Frankfurt/Main. Water temperature was maintained at 27-29 °C, and fish were fed at least twice daily with commercially available flake food (TetraMin®, Tetra GmbH), frozen chironomid larvae, bosmids, Artemia spp. shrimps, and frozen spinach. To avoid inbreeding, we supplement our stocks with wild-caught individuals every 1 or 2 years.
Males (N total = 56) were randomly assigned to 1 of 2 treatments simulating different social contexts-that is, degrees of perceived SCI-and afterward tested for their behavioral types. Males were then tested for mating preferences, and we determined the degree to which they changed their preferences when confronted with a rival male. To assess the consistency of personality traits, individuals were tested again after the mate choice trials (see Figure 1 for experimental schedule). All test fish were sexually mature.
Sperm competition context
One-half of the experimental males (N = 30) were transferred from their stock tanks into visually isolated individual 12-L tanks ("low SCI treatment"), whereas the other half (N = 26) were transferred into 80-L tanks and held in groups of 5 males ("high SCI treatment"; 6 groups were initially composed but from the last group only 1 male was tested). Males within each group were taken from different stock tanks and were therefore unfamiliar before cohabitation. All tanks were equipped with natural gravel, and green filter wool provided shelter. We maintained water quality through aquarium filters and biweekly exchanged water (50%). All test fish were provided with the same diet as in the stock tanks.
Personality assessment
We characterized each focal male along 2 personality axes (after Réale et al. 2007 ): activity in an open field test, and boldness as the response to a simulated aerial predator attack; both tests were performed consecutively in the same arena to minimize handling stress. Our experimental design followed previous studies on poeciliid fishes (activity: Burns 2008; boldness: Scharnweber et al. 2011) . The test arena consisted of a glass tank (80 cm × 40 cm × 35 cm) that was placed on white plastic foil and filled with aged tap water to a height of 18 cm. A grid (5 cm 2 ) was drawn on the bottom, and a webcam (Microsoft LifeCam VX-2000™) was installed centrally above the arena at approximately 1-m height, allowing us to observe the movement of focal fish in the arena. All sides were covered with brown cardboard to minimize disturbance. Two 100-W neon tubes on the ceiling of the test room provided illumination.
To initiate a trial, we placed the focal fish into the center of the test arena and counted numbers of squares crossed within a period of 180 s. As mollies often freeze for several seconds on the bottom of the test arena when introduced, measurements started only after the fish resumed swimming; all fish started swimming within the first 30 s. We assumed more active fish to cross a larger number of grid squares, which has been shown to represent a valid assessment of this personality trait in the related guppy (Burns 2008 ) and another species of molly (P. latipinna, Muraco et al. 2014 ). After a 5-min break, a pulley system was used to release a white ping-pong ball onto the water surface (Scharnweber et al. 2011) , simulating an aerial attack (see also Piyapong et al. 2010) . Poecilia mexicana uniformly responded by dashing to a corner and freezing on the bottom before starting to swim again. Time to recover was taken as a measure of boldness, with bolder individuals resuming swimming more quickly. We stopped a trial when the male was swimming again or after a maximum of 900 s. After the completion of a trial, males were retransferred into their respective holding tanks and left undisturbed overnight before testing was repeated on the next day. We repeated testing for a third time after the mate choice tests (i.e., 7 days after the second measurement; Figure 1 ).
Mate choice tests
Males were tested for their mating preferences in a dichotomous mate choice design following Bierbach, Girndt, et al. (2011) 3 days after the second personality test. As we were interested in whether males alter their mating preferences strategically in the presence of a by-standing rival , we randomly assigned half of the focal males per SCI context to an audience treatment where they were retested in the presence of another male. The other half of the males was retested without an audience male and thus served as a control to assess the baseline change in preference over the course of the experiment. The test tank (80 cm × 30 cm × 30 cm) was divided into 5 equal-sized sections: 2 lateral compartments were divided by transparent Plexiglas partitions to hold the stimulus females; the remainder was visually divided by marks drawn on the front into a central neutral zone and 2 lateral preference zones. All sides except the front wall were covered by black plastic foil. The tank was filled to 15 cm with aged tap water of 27-28 °C and was illuminated by a 40-W incandescent lamp 35 cm above the tank in addition to the room illumination. The water of the test tank was aerated between trials, but the air pump was turned off during the experiment.
We used female body size as a choice criterion, as P. mexicana males prefer larger, more fecund females (Bierbach, Makowicz, et al. 2013 ). Prior to a test, a large (55.9 ± 0.8 mm standard length [SL] ) and a small stimulus female (32.5 ± 0.8 mm) were haphazardly taken from a stock tank and introduced into 1 of the 2 stimulus compartments each. We then introduced the focal male (low SCI: 39.9 ± 0.8 mm; high SCI: 38.2 ± 1.0 mm; t-test: t 54 = 1.46, P = 0.15) into a transparent Plexiglas cylinder (10 cm in diameter) placed in the center of the neutral zone and left the fish undisturbed for 5 min. After the habituation period, we gently lifted the cylinder by hand and initiated measurement of male association preferences. The observer was sitting quietly approximately 2 m from the test tank. We measured the time the focal males spent in each of the 2 preference zones, that is, near either female, during a 5-min observation period. Association preferences translate well into patterns of paternity in the related green swordtail (Walling et al. 2010) and are likely to reflect mating preferences also in P. mexicana (see Bierbach et al. 2014 for discussion). To account for side-biases, we placed the male into the cylinder again after the first observation period, interchanged the stimulus females and after another 5 min of habituation repeated measurement of male preferences. We summed the times spent near both kinds of females during the 2 test units of this first part of a trial.
Directly after the first part, we repeated the measurement of individual male preferences in the presence of an audience male. This enabled us to compare the strength of male preference before and after presentation of an audience. The order for preference measurements though was the same for all individuals (first part without and second part with audience male) because we do not know yet how long audience-induced behavioral changes would last in our study species (see Makowicz et al. 2010 for guppies), making a reversed test order impractical. For example, female mollies were found to remember another female's mating decisions even after 1 day (Witte and Massmann 2003) . However, the control treatment enabled us to determine whether any effect we detected was due to motivational changes over the time of the experiment or the presentation of a by-standing rival (Plath, Blum, et al. 2008) . Habituation, measurement of male association preferences, and switching of side-assignments of the stimulus females between the 2 measurements was carried out as described for the first part. In the control treatment (low SCI: N = 16; high SCI: N = 13), we presented an empty transparent Plexiglas cylinder (13-cm diameter) in the central back of the neutral zone, equidistant to the 2 stimulus females. In the audience treatment (low SCI: N = 14; high SCI: N = 13), an audience male was introduced into the cylinder, which reduced the interaction between focal and audience males to a visual component. This is important because (diffuse) chemical information has been shown to elicit audience effects in newts (Aragón 2009 ). Audience males always came from the same SCI treatment but were taken from another tank and thus, were unfamiliar to the focal male, as unfamiliar rivals elicit the strongest audience effects (Bierbach, Girndt, et al. 2011) . By using unfamiliar males, we also excluded potential effects that could have stemmed from males' prior assessment of their rivals' sexual activity and attractiveness (Bierbach, Girndt, et al. 2011) . Focal and audience males were assigned randomly with respect to body size and personality trait variation. Although focal males were often found circling around the cylinder containing the audience male, no obvious agonistic behavior such as S-positioning, fin raising, or biting attempts (Bierbach et al. 2012) were observed (see also Plath and Blum et al 2008 for similar observations). We always used a new pair of stimulus females for each trial.
After the completion of the third personality test (Figure 1 ), males were measured for SL (from the tip of the snout to the end of caudal peduncle) to the nearest millimeter by laying the fish flat on wet, laminated millimeter paper.
Statistical analysis
Differences in average activity and recovery time between SCI treatments
In order to test for differences in average activity and recovery time between sperm competition treatments, we used linear mixed models (LMMs) with either activity (square-root transformed numbers of crossed squares, centered around the grand mean) or recovery time [log 10 (1 + time to recover), centered around the grand mean] as response variables. We included "sperm competition treatment" and "time of observation" (before or after the mate choice trials, coded as "0" and "1") as fixed factors, including their interaction. This allowed us to test whether activity or recovery time changed through the mate choice trials and whether SCI treatments differed in this effect. Because behavior in poeciliid fish is often sizedependent (e.g., Brown and Braithwaite 2004), we further included "body size" as a covariate, including all possible interactions with the other independent variables. To account for the multiple testing of the same males, "focal male ID" was entered as a random factor, that is, random intercepts for individual males were specified.
Nonsignificant interaction terms were removed from the final models (results not shown). Furthermore, body size was removed as a covariate as it had no significant effect on either activity level or boldness (not shown).
In our high SCI treatment, potential "tank effects" could have influenced focal males' behavior, as males from this treatment were housed together in 6 tanks with 5 individuals each (see above). In such cases, a random factor (tank ID) is typically included in the analyses. This approach, however, was not possible in our joint models as males from the low SCI treatment were housed in isolated tanks and so individual ID is congruent with tank ID. Nevertheless, we evaluated the variance explained by "tank ID" by analyzing the subset of data of males from the high SCI treatment with "tank ID" and "focal male ID (nested within tank)" as random factors. The variance explained by the random factor "tank ID" was very small or even inestimable in all models (see Supplementary Material for personality [Supplementary Table S1 -S3] and mate choice analyses [Supplementary Table S4] ).
Individual variation in activity and recovery time within and between SCI treatments
To test for significant among-individual variation (i.e., personality) within each treatment and to test whether males from both treatments differed in this variation, we fitted another LMM with either activity or recovery time as response variable. As males from both SCI treatments differed in their means for both behaviors (see Results) and variance estimates are inherently tied to the total variation present in the response variable, we first meancentered and scaled the variance of our response variables to 1 within each treatment. No fixed factors were included, but individual variance components were allowed to differ between treatments (e.g., SCI treatment-specific values for V among and V within ). Because we scaled the total variance to 1 within each treatment, estimates for V among equal the behavioral repeatability, that is, the proportion of total variation that can be attributed to amongindividual differences in repeated measures data (Nakagawa and Schielzeth 2010; Dingemanse and Dochtermann 2013) . In order to test whether variance components differed between treatments, we compared the model that allowed variance components to differ between treatments to models that constrained the variance components to be the same across treatments through likelihood ratio tests (LRTs; see Dingemanse and Dochtermann 2013) . Whether variance estimates differ significantly from zero was tested through Wald's z.
Among-and within-individual correlations in activity and recovery time
Personality traits often form correlated suits of so-called behavioral syndromes (Sih et al. 2004a (Sih et al. , 2004b , that is, the individual average phenotypic responses of 2 traits are correlated (Dingemanse et al. 2012) . Behavioral syndromes can be assumed when traits show a significant among-individual correlation. However, raw phenotypic correlations are affected by both among-and within-individual correlations. Within-individual correlations occur when 2 phenotypic traits show correlated changes within individuals over repeated measurements. We evaluated whether activity and boldness form a behavioral syndrome by calculating among-individual and withinindividual correlations through bivariate LMMs for both treatments separately (see Dingemanse and Dochtermann 2013) . No fixed factors were included, and focal male ID was specified as a random factor. Significant deviations of correlations from zero were again tested with LRT.
Differences in average mating preferences between SCI treatments
Poeciliid males usually prefer large-bodied mating partners (Bierbach, Makowicz, et al. 2013 ), but there is also remarkably consistent among-individual variation in male mating preferences (Godin and Auld 2013) . To explore whether males differed in their average mating preferences, we first calculated the strength of preference (SOP) for large female body size based on times spent near each type of stimulus female for both preference tests separately as: (time spent near large female-time spent near small female)/ (time spent near large female + time spent near small female; see Bierbach, Sassmanshausen, et al. 2013) . Although each male was measured twice for its mating preference, half of the males from each SCI treatment faced another rival male during the second preference test. We thus decided to compare SOP values only from the first preference test between SCI treatments using a linear model with SCI treatment as a fixed factor. As the body size of the choosing male as well as the stimulus females size difference (SL larger-SL smaller) can have an effect on male preferences (Dosen and Montgomerie 2004a), we also included these 2 variables as covariates in the initial model. Furthermore, a male's personality could have an effect on its preference and so we included focal males' "mean boldness" and "mean activity" (both before the mate choice test) as covariates. Mean values from the 2 assessments before the mate choice tests were used as a proxy for individual personality because both personality traits were significantly repeatable across the whole experiment (see Results), but the third measure was taken after the mate choice trials. Nonsignificant covariates and interactions with the fixed factor "SCI treatment" were removed from the final model (results not shown).
Individual variation in mating preferences within and between SCI treatments (control subset)
To investigate whether there was consistent among-individual variation in mating preferences within and between SCI treatments, we ran a LMM with SOP values from both preference tests as response variable for the subset of males that did not face a rival during the second preference test (control, N low SCI = 14, N high SCI = 13). As for personality traits, no fixed factors were included, and SOPs were mean-centered and variances scaled to 1 within each treatment. We included focal male ID as a random factor, and variance estimates were allowed to differ between treatments. Comparison of variance estimates between treatments was carried out as described for personality traits.
Change in preference due to an audience male (audience subset)
Our major aim was to investigate whether males change their strategic mate choice in accordance to their personality. We thus tested the subset of males that faced another male during the second preference test (N low SCI = 16, N high SCI = 13) using another LMM with "preference test (first or second part)" as a fixed factor, which would indicate a significant change due to the presentation of an audience. Males from the 2 SCI treatments were tested separately. Besides focal males' body size and stimulus females' size difference as well as focal males' mean activity and recovery times (boldness), we further included audience males' mean boldness, mean activity, and body size as covariates (as well as all possible 2-way interactions) and included focal male ID as a random factor. Nonsignificant covariates (and interactions) were removed from the final models. For a post hoc evaluation of how much among-individual variation is explained by any significant covariate, we compared the repeatability of a model that included the significant covariate to a model in which it was omitted using LRT. As total variance was not scaled to 1 in this analysis, repeatability was calculated as V among /(V among + V within ). Significant interactions between covariates and the fixed factor "preference test" are indicative of males changing their preferences according to the respective covariate (e.g., own attributes, quality difference of stimulus females' or opponents' attributes). We illustrate this relationship by extracting individual slopes for SOP values from the first to the second preference test as a proxy for focal males' inclination to alter their preferences and plot these against the significant covariate(s). Negative slopes would indicate decreasing and positive slopes increasing preferences.
RESULTS
Differences in average activity and recovery time between SCI treatments
On average, males from the low SCI treatment were significantly more active than males from the high SCI treatment (F 1,54 = 4.48, P = 0.039; Figure 2a ). The factor "time of observation" (F 1,110 = 1.21, P = 0.27) as well as its interaction term with SCI treatment (F 1,110 = 2.43, P = 0.12, not in the final model) were not significant. The covariate "body size" (as well as all possible 2-way interactions) had no significant effect (P > 0.33, not in the final model).
Average recovery times did not differ between treatments (F 1,57.1 = 3.47, P = 0.068; Figure 2d ), but males from the high SCI treatment recovered more quickly after the mate choice tests (Figure 2d) , whereas low-SCI males did not change their recovery times. This difference in mean plasticity over the course of the experiment was reflected by a significant interaction term of "SCI treatment × time of observation" (F 1,110 = 5.66, P = 0.019). The factor "time of observation" had no significant main effect (F 1,54 = 1.29, P = 0.26).
Individual variation in activity and recovery time within and between SCI treatments
Males differed consistently in their individual activity levels in both SCI treatments as indicated by significant deviation of V among (repeatability) from zero (Table 1a ; Figure 2b,c) . There was evidence from our bivariate models comparing variance components between treatments that V within was significantly higher in males from the high SCI treatment than males from the low SCI treatment (LRT: χ 2 = 4.56, df = 1, and P = 0.033). No such difference between treatments was detectable for V among (χ 2 = 0.89, df = 1, and P = 0.35).
Males differed consistently in their individual time to recover after a simulated predator attack as evidenced by significant deviation of V among (repeatability) from zero (Table 1b; Behavioral Ecology
There was no evidence that V within (LRT: χ 2 = 0.003, df = 1, and P = 0.96) or V among (χ 2 = 0.001, df = 1, and P = 0.97) differed between treatments.
Behavioral syndrome structure
Activity and recovery time showed negative among-individual correlations in males from both treatments (low SCI: r among = −0.68 ± 0.16; χ 2 = 48.56, df = 2, and P < 0.0001; high SCI: r among = −0.49 ± 0.24; χ 2 = 19.11, df = 2, and P < 0.0001). This suggests that males with high average activity levels also resumed swimming quicker, on average, after a simulated predator attack, confirming that activity and recovery time are part of a larger behavioral syndrome. Within-individual correlations-a measure of whether individual variability in activity is also accompanied by variability in recovery time-were low and not significantly different from zero for both treatments (low SCI: r within = −0.12 ± 0.13, χ 2 = 1.39, df = 2, and P = 0.49; high SCI: r within = 0.14 ± 0.14, χ 2 = 2.65, df = 2, and P = 0.26). Thus, individuals that changed their activity much during the experiment did not change their recovery time to the same degree.
Male mating preference for large female body size
Males from the high SCI treatment showed, on average, stronger preferences for large-bodied females than males from the low SCI treatment (linear model, data from first preference test only: F 1,53 = 11.72, P = 0.001; Figure 3 ). Furthermore, males from both treatments showed stronger SOP when stimulus female size difference increased (F 1,53 = 4.35 and P = 0.042). Neither focal males' body size nor activity or recovery time had a significant effect on male preferences (covariates and interactions not significant, P > 0.33). We used a LMM to evaluate how consistent those preferences were across both preference tests when no audience rival was presented (only control subset of males). We found males from the low SCI treatment to show higher among-individual variance Change in male preferences due to an audience male When analyzing individual SOPs from both consecutive preference tests in males that were observed by a rival male during the second preference test (audience subset), we found only males from the high SCI treatment to reduce their SOP significantly (Table 2 ; Figure 4a ,b). For those males, the covariate "mean boldness" affected both the average change in SOP from the first to second preference test (indicated by a significant interaction term of "mean boldness × preference test"; Table 2 ) as well as the among-individual variance ( Table 2 ). Males that recovered quickly after a simulated predator attack (i.e., bold males) reduced their SOP more than males that took longer to resume swimming (shyer males; Figure 4b ), and accordingly, the inclusion of "mean boldness" reduced the proportion of variance explained by among-individual differences (repeatability) by 68%.
Please note that none of the other covariates (body size of the involved fish, personality of the audience males as well as activity of the focal males) initially included in our models had any significant effect in any treatment group.
DISCUSSION
In the current study, we asked whether differences in males' personality (boldness and activity) determine individual differences in the degree to which males alter their mate choice behavior strategically in presence of a rival, the so-called audience effect. Furthermore, we asked how the perceived sperm competition risk (high versus low SCI) before the mate choice tests affects strategic male mate choice behavior and males' personality.
Although males from both SCI treatments differed consistently in boldness and activity levels, we found that only males from the highcompetition treatment adjusted their mate choice to the presence of a by-standing rival, that is, showed an audience effect. The strength of this effect, however, differed among individuals and correlated positively with boldness, measured as time to recover from a simulated predator attack. On top of that, males from the high SCI treatment showed stronger preferences for large female body size. Thus, our study for the first time demonstrates that a male's personality affects its mate choice behavior and that this linkage depends both on the previously experienced social context (housing under low versus high SCI) as well as imminent SCI (through the presence of an audience).
Differences between SCR treatments in personality traits
We found that housing in different competition treatments-even for a relatively short period-significantly affects personality traits Linear mixed models (for each behavior separately) included "focal male ID" as a random factor, and variance components were allowed to differ between treatments. V within = within-individual variance; V among = among-individual variance. Note that as we scaled total variance to 1 within each SCI treatment, V among equals behavioral repeatability. 95% CIs (in parentheses) as well as significance levels based on Wald's z are provided.
in male Atlantic mollies. Males from the low-competition treatment (single-male housing) were on average more active and more consistent (i.e., lower V within ) than males from the high SCI treatment. Regarding recovery times, high SCI males were shyer (e.g., needed longer to resume swimming after a simulated predator attack) before the mate choice test than males from the low SCI treatment (grouped housing), but this difference disappeared after the mate choice tests. Increased activity and boldness in isolated P. mexicana males can be interpreted as males that had no access to social information for an extended period of time relying more on private information and thus increasing behaviors associated with private information sampling, especially explorative swimming and general activity (but see Ward 2011) . Furthermore, without the protective benefits of a nearby shoal, single individuals may increase flight responses rather than "freezing" when being attacked, resulting in quicker recovery times in our test simulating an aerial predator attack. Also, the quicker recovery time of low SCI males could be caused by increased stress levels, and the decrease in recovery times of high SCI males after the mate choice trials (which were accompanied by some mild handling stress) also point into this direction. This interpretation receives support from a study showing that P. mexicana males from habitats with high piscine predation emerge quicker from shelter than fish from almost predator-free habitats (Riesch et al. 2009 ). Similar observation were made in Panamanian bishop (Brachyraphis episcopi), as repeated chasing with a dip net decreased the time needed to emerge from shelter (Brown et al. 2007 ). Among-individual variation (and repeatability) was significant in both SCI treatments and for both personality traits and did not differ between treatments. Our findings, therefore, suggest that social context had only a weak impact on the distribution of personalities within the treatment groups (but see Favati et al. 2014) . Moreover, our current study confirmed a behavioral syndrome between activity and boldness in Atlantic mollies, which has been reported for several other fish species (e.g., Gasterosteus aculeatus: Webster et al. 2007 ; Pomacentrus sp.: Biro et al. 2009; Lepomis macrochirus: Wilson and Godin 2009; Gambusia affinis: Cote et al. 2010; Poecilia latipinna: Muraco et al. 2014) . We consider the significant correlation between our measures of boldness and activity as a validation of our experimental approach and interpretation of the measured variables (see Carter et al. 2013 for a review). 
Consequences of male personality on mate choice behavior
In previous studies, bold individuals tended to rely less on social information compared with shy ones (Kurvers et al. 2010; Trompf and Brown 2014) . In contrast, our study found bolder males to display stronger (not weaker) audience effects. Given the definition of social responsiveness provided by Taborsky and Oliveira (2013) as an individual's degree to which it responds to social information, bold males in our study were more socially responsive than shy males. However, Taborsky and Oliveira (2013) also provided a definition for social competence as an individual's ability to optimize its social behavior depending on social information. Assuming that bold and shy males face the same cost-benefit trade-off when facing a rival male during their mate choice, one could argue that shy males are also less socially competent. As this would contradict previous studies that found shy individuals to use social information in an adaptive way (Kurvers et al. 2010; Trompf and Brown 2014) , we argue in favor of alternative, adaptive strategies employed by both bold and shy males. We assume that, under natural conditions, males that temporarily leave a preferred female to mislead by-standers also face an increased likelihood of losing the preferred female, as females may just swim away. However, bold males may not face the same risk of losing their preferred female, as Godin and Dugatkin (1996) found guppy females to prefer bold over shy males. If this pattern holds for our study species, bold males are actually less likely to lose the preferred mate even when temporarily moving away from the female. This means that bold males could benefit from showing audience effects while incurring much smaller costs associated with this strategy than shy males that would benefit more from a mate guarding strategy. It is tempting to argue that the degree to which males alter their preferences (i.e., spend relatively more time with the initially lesspreferred female) in presence of an audience male is necessarily higher for males that exhibit strong initial preferences. Thus, males from the high competition treatment, with overall stronger preferences for larger females compared with males from the low competition treatment, could have been more likely to show changes in mating preferences over the course of the experiment. Unlike the aforementioned hypotheses, this line of argumentation, however, fails to explain why only bold males, but not shy males, responded with audience effects.
Another potential interpretation of our data would be that males in the high SCI treatment established dominance hierarchies in which rank positions were dependent on males' personality type (boldness). In rainbow fish (Melanotaenia deboulayi), for example, bold males (which were also more aggressive) occupied higher dominance ranks than shyer individuals (Colléter and Brown 2011) . If this mechanism played a role in our study, one could indeed predict high-ranking (bolder) males to respond more to the presence of a rival (representing an unfamiliar intruder) than lower-ranking (shyer) males. We did not assess dominance stratifications in our present study, but argue that such an interpretation is unlikely as dominance ranks in P. mexicana are a correlate of males' resource holding potential (i.e., body size; Bierbach et al. 2012 Bierbach et al. , 2014 but not boldness (Bierbach D, Kunkel B, Plath M, unpublished data) . On top of this, social isolation is often associated with an increased aggressiveness in male fish (Franck et al. 1985; Halperin and Dunham 1993; Hesse and Thünken 2014) . It was proposed that such a spontaneous increase in aggressiveness could help adopting a dominant role when joining a new group of conspecifics (e.g., Franck et al. 1985) . In a logic extension of this argument, males from the low SCI treatment should be particularly responsive to the presence of other males and should have responded with a strong audience effect-which was not the case.
Differences in choosiness and strategic male mate choice between SCI treatments
In congruence with previous work (e.g., Bierbach, Girndt et al. 2011) , P. mexicana males exhibited a preference for large female body size. Males from the high competition treatment, however, were choosier than males from the low competition treatment, which were also more variable in their preferences and did not show an audience effect. Theory predicts male choosiness to decrease under high competition (Berglund 1994; Candolin and Salesto 2009; Mautz and Jennions 2011) , as only highly competitive males can afford being choosy with respect to different female phenotypes. However, such a pattern should only emerge when focal males actually perceive competition during mate choice, whereas intrinsic mating preferences should not change when males are tested without imminent competition, as was the case in the first part of our mate choice tests. On the contrary, less competitive males-being normally excluded from access to large females (Parzefall 1979; Bierbach et al. 2014 )-might then even exhibit an increased choosiness to maximize their chances of mating with a high quality female. The latter line of argumentation would also predict that males from the high SCI treatment should show more among-individual variation in mating preferences, as inferior males should show stronger mating preferences when tested in absence of competing males. Why then were males from the high SCI treatment choosier than those from the low SCI treatment and also showed less among-individual variation in choosiness? Additional experimentation is required to shed light on this phenomenon, but we are inclined to argue that males from the low SCI treatment, which were housed in isolation from conspecifics, might have anticipated a generally low population density. A low density is typically associated with reduced mate encounter rates, which can lead to a decreased choosiness (Etienne et al. 2014) . A study on male mate choice in pipefish (Syngnathus typhle), for example, found males to be less choosy when the density of available mates was low (Berglund 1995) . Although our study was not intended to disentangle sperm competition from density effects, our findings have important implications for future studies aiming to compare the strength of mating preferences, for instance, among different populations of a given species (e.g., Jennions and Petrie 1997; Plath et al. 2013) , as the social environments as well as rearing density of the tested individuals ought to be considered. One could further argue in favor of a link between average personality and choosiness, as males from both SCI treatments not only differed in the strength of mating preferences but also in mean personality traits (see above). However, we included individual personality traits as covariates in our analysis of choosiness but could not find a significant effect (or interaction with SCI treatment). Thus, a male's personality seems not to influence the strength of mating preferences without an audience male present (see also Muraco et al. 2014 for species discrimination in P. latipinna males).
Why did males from the low SCI treatment not show an audience effect when facing a rival male during mate choice? Previous studies found males that experienced high SCI to show prudent mate choice behavior (Dosen and 2012). An adaptive explanation would be that males' propensity to respond with audience effects is scaled up or down depending on average sperm competition levels (or perceived male density) encountered in the environment. Because males were on average less choosy in the low SCI treatment, we argue that there is no need for them to adjust their mate choice strategically when facing a rival.
OUTLOOK
Audience effects during male mate choice may reduce the likelihood of being copied by rival males Plath and Bierbach 2011; Nöbel and Witte 2013; Dubois 2015) , and our present study poses a number of questions for future studies on the consequences of personality-related expression of audience effects. For example, if males under high competition are more likely to respond to rival presence by showing audience effects (rendering copying a less reliable source of information), do males also copy less under high competition? In addition, if bolder males show stronger audience effects, do males more readily copy the mate choice of shy males? Poecilia mexicana males observe their social environment and remember rivals' characteristics like sexual activity and attractiveness to females (Bierbach, Girndt, et al. 2011 ), so it is well conceivable that they also assess their competitors' boldness or other personality traits and integrate this information into their mate choice behavior. In our current study, audience males' personality had no effect on the expression of audience effects, probably because focal males were not familiar with the audience males. The occurrence of male mate choice copying in natural populations could thus depend on the proportion of shy and bold males in a given population.
